
10/509364 

iTn2Rec'clF^T/PrO 2 4 SEP 2m 



FY50697JP0WO0 
Specification 
Engine Control Devi ce 

Technical Field 

This invention relates to an engine control device for 
controlling an engine and, more specifically to an engine control 
device suitable for controlling an engine provided with a fuel 
injection device for injecting fuel. 

Background Art 

With the widespread use of fuel injection devices called 
injectors in recent years, control of fuel injection timing and fuel 
injection amount, namely, the air-fuel ratio has become easy, which 
makes it possible to improve engine output and fuel consumption and 
to clean exhaust gas. As to the fuel injection timing, it is common 
that the phase state of a camshaft, the state of an intake valve, 
to be exact, is detected, and, based on the detected result, fuel 
is injected. However, a cam sensor for detecting the phase state 
of a camshaft, which is expensive and increases the size of a cylinder 
head, is difficult to employ in motorcycles or the like, in particular. 
To solve this problem, an engine control device adapted to detect 
the phase state of a crankshaft and an intake air pressure and, based 
on those, to detect the stroke state of a cylinder is proposed in 
JP-A-HlO-227252. With this prior art, it is possible to detect the 
stroke state of a cylinder without detecting the phase of a camshaft, 
so that it is possible to control fuel injection timing based on 
the stroke state. 

The stroke state can be detected based on variation in engine 
rotational speed during one cycle. The engine rotational speed is 
highest in the expansion (explosion) stroke, followed by the exhaust 
stroke, intake stroke and compression stroke in that order. Thus, 
the stroke state can be detected from variation in engine rotational 
speed and the phase of a crankshaft. An engine control device 
disclosed in JP-A-2000-337206 is adapted to select stroke detection 
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based on variation in intake air pressure or stroke detection based 
on variation in engine rotational speed according to the operating 
condition of the engine and detect a stroke by the selected method. 

With the engine control device disclosed in JP-A-2000-337206, 
however, it is difficult to select an appropriate stroke detection 
method over the entire operating conditions of the engine and, in 
some cases, neither of the stroke detection methods is appropriate. 
Thus, the reliability of the detected stroke is low. 

The present invention has been made to solve the above problem 
and it is an object of the present invention to provide an engine 
control device which can perform stroke detection with high 
reliability. 

Disclosure of the Invention 

In order to solve the foregoing problem, the engine control 
device of the present invention comprises: 

crankshaft phase detecting means for detecting the phase of 
a crankshaft, 

intake air pressure detecting means for detecting the intake 
air pressure in an intake pipe of an engine, 

stroke detecting means for detecting a stroke of the engine 
based on at least the phase of the crankshaft detected by the 
crankshaft phase detecting means, 

engine control means for controlling the operating condition 
of the engine based on the stroke of the engine detected by the stroke 
detecting means and the intake air pressure detected by the intake 
air pressure detecting means, and 

engine rotational speed detecting means for detecting the 
engine rotational speed, 

wherein the stroke detecting means detects a stroke based on 
variation in intake air pressure detected by the intake air pressure 
detecting means and detects a stroke based on variation in engine 
rotational speed detected by the engine rotational speed detecting 
means, and completes stroke detection when the detected strokes 
coincide with each other. 
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Brief Description of Drawings 

FIG. 1 is a schematic diagram of an engine for a motorcycle 
and a control device therefor; 

FIG. 2 is an explanatory view illustrating a principle of 
outputting crank pulses in the engine in FIG. 1; 

FIG. 3 is a block diagram illustrating one embodiment of the 
engine control device of the present invention; 

FIG. 4 is a flowchart illustrating an operation performed in 
the stroke detection permitting part in FIG. 3; 

FIG. 5 is an explanatory view illustrating a process of 
detecting the stroke state from the phase of a crankshaft and the 
intake air pressure; 

FIG. 6 is a flowchart illustrating an operation performed in 
the crank timing detecting part in FIG. 3; 

FIG. 7 is a map stored in an in-cylinder air mass calculating 
part for use in calculating the air mass in a cylinder; 

FIG. 8 is a map stored in a target air- fuel ratio calculating 
part for use in calculating a target air-fuel ratio; 

FIG. 9 is an explanatory view illustrating the operation of 
a transition correction part; 

FIG. 10 is a flowchart illustrating an operation performed 
in the fuel injection amount calculating part in FIG. 3; 

FIG. 11 is a flowchart illustrating an operation performed 
in the ignition timing calculating part in FIG. 3; 

FIG. 12 is an explanatory view of ignition timing set in the 
operation shown in FIG. 10; 

FIG. 13 is an explanatory view illustrating an operation at 
a start of the engine by the operation shown in FIG. 3; and 

FIG. 14 is an explanatory view illustrating an operation at 
a start of the engine by the operation shown in FIG. 3. 

Best Mode for Carrying Out the Invention 

Description will be hereinafter made of the embodiment of this 
invention. 



3 



FIG. 1 is a schematic diagram illustrating an example of an 
engine for a motorcycle or the like and a control device therefor. 
Designated as the reference numeral 1 is a relatively small 
displacement, single -cylinder, four-cycle engine. The engine 1 has 
a cylinder body 2, a crankshaft 3, a piston 4, a combustion chamber 

5 , an intake pipe 6 , an intake valve 7 , an exhaust pipe 8 , an exhaust 
valve 9, a spark plug 10 and an ignition coil 11. In the intake pipe 

6, a throttle valve 12 which is opened and closed in accordance with 
throttle opening is provided and an injector 13 as a fuel injection 
device is disposed downstream of the throttle valve 12 . The inj ector 
13 is connected to a filter 18, a fuel pump 17 and a pressure control 
valve 16 which are housed in a fuel tank 19. 

The operating condition of the engine 1 is controlled by an 
engine control unit 15 . As means for performing control input into 
the engine control unit 15, namely means for detecting the operating 
condition of the engine 1, there are provided a crank angle sensor 
20 for detecting the rotational angle, namely phase, of the 
crankshaft 3, a cooling water temperature sensor 21 for detecting 
the temperature of the cylinder body 2 or cooling water, namely the 
temperature of the engine body, an exhaust air- fuel ratio sensor 
22 for detecting the air- fuel ratio in the exhaust pipe 8, an intake 
air pressure sensor 24 for detecting the pressure of intake air in 
the intake pipe 6, and an intake temperature sensor 25 for detecting 
the temperature in the intake pipe 6 , namely the temperature of intake 
air. The engine control unit 15 receives detecting signals from the 
sensors and outputs control signals to the fuel punp 17, the pressure 
control valve 16, the injector 13 and the ignition coil 11. 

Here, the principle of crank angle signals which are output 
from the crank angle sensor 20 will be described . In this embodiment , 
a plurality of teeth 23 are formed on an outer periphery of the 
crankshaft 3 at generally equal intervals as shown in FIG. 2a. The 
crank angle sensor 20 , such as a magnetic sensor, detects the approach 
of the teeth 23, and the resulting current is electrically processed 
and output as pulse signals. The circumferential pitch between two 
adjacent teeth 23 is 30° in the phase (rotational angle) of the 
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crankshaft 3, and the circiamf erential width of each of the teeth 
23 is 10° in the phase (rotational angle) of the crankshaft 3 . There 
is a part where two adjacent teeth are arranged not at the above 
pitch but at a pitch which is twice as large as the others . It is 
a special part where there is no tooth where there should be one 
as shown by phantom lines in FIG. 2a. This part corresponds to an 
irregular interval . This part may be hereinafter also referred to 
as ''tooth missing part" . 

Thus, when the crankshaft 3 is rotating at a constant speed, 
the train of pulse signals corresponding to the teeth 23 appears 
as shown in FIG. 2b. FIG. 2a shows the state where the cylinder is 
at compression top dead center (the state is the same as when the 
cylinder is at exhaust top dead center) . The pulse signal output 
immediately before the cylinder reaches compression top dead center 
is numbered as "0", and the following pulse signals are numbered 
as "1"/ "^2", "3" and "4". The tooth missing part, which comes after 
the tooth 23 corresponding to the pulse signal 'M", is counted as 
one tooth as if there were one there, and the pulse signal 
corresponding to the next tooth 23 is numbered as ''6" . When this 
process is continued, the tooth missing part comes again after a 
pulse signal ''16" . The tooth missing part is again counted as one 
tooth as above, and the pulse signal corresponding to the next tooth 
23 is numbered as "18". When the crankshaft 3 rotates twice, the 
four strokes of one cycle complete, so that the pulse signal which 
appears after the pulse signal "23" is numbered as "0" again. In 
principle, the cylinder reaches compression top dead center 
immediately after the pulse signals numbered as "0" appear. The thus 
detected pulse signal train or each pulse signal is defined as a 
"crank pulse" . When stroke detection is performed based on the crank 
pulse as described later, crank timing can be detected. The teeth 
23 may be formed on an outer periphery of a member which is rotated 
in synchronization with the crankshaft 3. 

The engine control unit 15 is constituted of a microcomputer 
(not shown) and so on. FIG. 3 is a block diagram illustrating an 
embodiment of the engine control operation performed by the 
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microcomputer in the engine control ixnit 15. The engine control 
operation is performed by an engine rotational speed calculating 
part 26 for calculating the engine rotational speed based on a crank 
angle signal, a crank timing detecting part 27 for detecting crank 
timing information, namely the stroke state, based on the crank angle 
signal , an intake air pressure signal and the engine rotational speed 
calculated in the engine rotational speed calculating part 26, a 
stroke detection permitting part 29 which reads the engine rotational 
speed calculated in the engine rotational speed calculating part 
26 and outputs stroke detection permitting information to the crank 
timing detecting part 27 and which reads and outputs stroke detection 
information provided by the crank timing detecting part 27, an 
in-cylinder air mass calculating part 28 for calculating the air 
mass in the cylinder (amount of intake air) based on the crank timing 
information detected by the crank timing detecting part 27 together 
with an intake air temperature signal, a cooling water temperature 
(engine temperature) signal, the intake air pressure signal and the 
engine rotational speed calculated in the engine rotational speed 
calculating part 26, a target air-fuel ratio calculating part 33 
for calculating a target air- fuel ratio based on the engine 
rotational speed calculated in the engine rotational speed 
calculating part 26 and the intake air pressure signal, a fuel 
inject ion amount calculating part 34 for calculating a fuel injection 
amoimt and fuel injection timing based on the target air- fuel ratio 
calculated in the target air- fuel ratio calculating part 33, the 
intake air pressure signal, the air mass in the cylinder calculated 
in the in-cylinder air mass calculating part 28, the stroke detection 
information output from the stroke detection permitting part 29, 
and the cooling water temperature signal, an injection pulse output 
part 30 for outputting injection pulses corresponding to the fuel 
injection amount and the fuel injection timing calculated in the 
fuel injection amount calculating part 34 to the injector 13 based 
on the crank timing information detected by the crank timing 
detecting part 27, an ignition timing calculating part 31 for 
calculating ignition timing from the engine rotational speed 
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calculated in the engine rotational speed calculating part 26, the 
target air-fuel ratio set by the target air-fuel ratio calculating 
part 33, and the stroke detection infonnation output from the stroke 
detection permitting part 29, and an ignition pulse output part 32 
for outputting ignition pulses corresponding to the ignition timing 
set by the ignition timing calculating part 31 to the ignition coil 
11 based on the crank timing information detected by the crank timing 
detecting part 27. 

The engine rotational speed calculating part 26 calculates 
the rotational speed of the crankshaft as an output shaft of the 
engine as the engine rotational speed based on the rate of change 
of the crank angle signal with time. More specifically, the engine 
rotational speed calculating part 26 calculates an instantaneous 
value of the engine rotational speed by dividing the phase between 
two adjacent teeth 23 by time needed to detect corresponding crank 
pulses and an average engine rotational speed that is an average 
movement distance of the teeth 23. 

The stroke detection permitting part 29 outputs stroke 
detection permitting information to the crank timing detecting part 
27 according to the operation shown in FIG. 4 . As described before, 
it takes at least two rotations of the crankshaft 3 to detect a stroke 
based on crank pulses and it is necessary for the crank pulses 
including the tooth missing part to be stable during that time. In 
a relatively small displacement, single- cylinder engine as in this 
embodiment, however, the rotating state is unstable during cranking 
as it is called at the time of starting. Thus, the stroke detection 
is permitted after judgment of the rotating state of the engine is 
made according to the operation shown in FIG. 4. 

The operation shown in FIG. 4 is performed using an input of 
a crank pulse as a trigger. Although there is provided no the step 
for comm-unication in the flowchart, the information obtained through 
the operation is accordingly stored in a memory in an overwriting 
manner and information and programs necessary for the operation are 
read out from the memory as needed. 

At first in this operation, the instantaneous engine speeds 
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at top and bottom dead centers calculated in the engine rotational 
speed calculating part 26 are read in the step Sll. 

Then, the process goes to the step S12, in which it is judged 
whether the difference between the instantaneous engine rotational 
speeds at top and bottom dead centers read in the step Sll is not 
smaller than a predetermined prescribed rotational speed for 
detecting an initial explosion corresponding to a rotational speed 
at an initial explosion. If the difference between the 
instantaneous engine rotational speeds is not smaller than the 
prescribed rotational speed for detecting an initial explosion, the 
process goes to the step S13. Otherwise, the process goes to the 
step S14. 

In the step S13, an initial explosion is detected and output. 
Then, the process goes to the step S14. 

In the step S14, an average engine rotational speed calculated 
in the engine rotational speed calculating part 26 is read. 

The process is then goes to the step S15, in which it is judged 
whether the average engine rotational speed read in the step S14 
is not lower than a predetermined prescribed rotational speed for 
detecting a complete explosion corresponding to a rotational speed 
at a complete e^q^losion. If the average engine rotational speed is 
not lower than the rotational speed for detecting a conplete 
explosion, the process goes to the step S16. Otherwise, the process 
goes to the step S17. 

In the step S16, a complete explosion is detected and output. 
Then, the process goes to the step S17. 

In the step S17, it is judged whether there was an output of 
initial explosion detection in the step S13 or whether there was 
an output of complete explosion detection in the step S16. If there 
was an output of initial explosion detection or complete explosion 
detection, the process goes to the step S18. Otherwise, the process 
goes to the step S19. 

In the step S18, information that stroke detection is 
permitted is output. Then, the process returns to a main program. 

In the step S19, information that stroke detection is not 
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permitted is output. Then, the process returns to the main program. 

According to the operation, stroke detection is permitted 
after an initial explosion has taken place in the engine or the 
average engine rotational speed reaches a value corresponding to 
a rotational speed at a complete explosion. Thus, stable crank 
pulses can be obtained and a stroke can be detected with accuracy. 

The crank timing detecting part 27, which has a constitution 
similar to the stroke judging device disclosed in JP-A-HlO-227252, 
detects a stroke based on variation in intake air pressure and a 
stroke based on variation in engine rotational speed and outputs 
information on the stroke state as crank timing information. Here, 
the principle of detection of a stroke based on variation in intake 
air pressure will be described. In a four-stroke engine, the 
crankshaft and the camshaft are constantly rotated with a prescribed 
phase difference, so that when crank pulses are read as shown in 
FIG. 5, the fourth crank pulse after the tooth missing part, namely 
the crank pulse ''9" or ''21", represents either an exhaust stroke 
or a compression stroke. As is well known, during an exhaust stroke, 
the exhaust valve is opened and the intake valve is closed, so that 
the intake air pressure is high. However, in an early stage of a 
cottpression stroke, the intake air pressure is low because the intake 
valve is still open or because of the previous intake stroke even 
if the intake valve is closed. Thus, the crank pulse '"21" output 
when the intake air pressure is low indicates that the cylinder is 
on a compression stroke, and the cylinder reaches compression top 
dead center immediately after the crank pulse '"0" is obtained. More 
specifically, when the difference between the intake air pressures 
at two bottom dead centers is a prescribed negative value or smaller, 
the cylinder is at bottom dead center after an intake stroke and 
when the difference is a prescribed positive value or greater, the 
cylinder is at bottom dead center before an exhaust stroke. When 
a stroke can be detected as above, it is possible to detect the present 
stroke state in further detail by interpolating the intervals between 
the strokes with the rotational speed of the crankshaft. 

The engine rotational speed is highest in the expansion stroke 
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in the four strokes : intake, compression, expansion (explosion) and 
exhaust, followed, in this order, by exhaust stroke, intake stroke 
and compression stroke. By combining the variation in engine 
rotational speed and the phase of the crankshaft represented by crank 
pulses, a stroke can be detected as in the case with the stroke 
detection based on variation in intake air pressure. More 
specifically, when the difference between the engine rotational 
speeds at top and bottom dead centers is a prescribed negative value 
or smaller, the cylinder is at bottom dead center after an intake 
stroke, and when the difference is a prescribed positive value or 
greater, the cylinder is at bottom dead center before an exhaust 
stroke . 

Thus , the crank timing detecting part 27 performs an operation 
shown in FIG. 6 for setting the operation mode and detecting a stroke . 
The operation shown in FIG. 6 is performed using an input of a crank 
pulse, for example, as a trigger. Although there is provided no the 
step for communication in the flowchart, the information obtained 
through the operation is accordingly stored in the memory in an 
overwriting manner and information and programs necessary for the 
operation are read out from the memory as needed. 

At first in this operation, it is judged whether the operation 
mode has been set to ''4" in the step SlOl. If the operation mode 
has been set to ''4" , the process returns to a main program . Otherwise , 
the process goes to the step S102. 

In the step S102, it is judged whether the operation mode has 
been set to ''3". If the operation mode has been set to "3", the 
process goes to the step S114. Otherwise, the process goes to the 
step S104. 

In the step S104, it is judged whether the operation mode has 
been set to ''2". If the operation mode has been set to ''2", the 
process goes to the step S105. Otherwise, the process goes to the 
step S106. 

In the step S106, it is judged whether the operation mode has 
been set to ''1". If the operation mode has been set to the 
process goes to the step S107. Otherwise, the process goes to the 
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step S108. 

In the step S108, the operation mode is set to ''0". Then, 
the process goes to the step S109. 

In the step S109, it is judged whether a prescribed number 
or more of crank pulses are detected within a prescribed period of 
time. If a prescribed number or more of crank pulses are detected 
within a prescribed period of time, the process goes to the step 
SllO. Otherwise, the process returns to the main program. 

In the step SllO, the operation mode is set to *'l" . Then, 
the process goes to the step S107. 

In the step S107, it is judged whether the tooth missing part 
has been detected. If the tooth missing part has been detected, the 
process goes to the step Sill. Otherwise, the process returns to 
the main program. When a value obtained by dividing the width T2 
of an OFF-part by the average of the widths Ti and T3 of the pulses 
before and after the OFF-part (the widths Ti to T3 are represented 
by time) is greater than a prescribed value a, the part is judged 
as the tooth missing part. 

In the step Sill, the operation mode is set to '"2". Then, 
the process goes to the step S105. 

In the step S105, it is judged whether the tooth missing part 
has been detected twice in succession. If the tooth missing part 
has been detected twice in succession, the process goes to the step 
S112. Otherwise, the process returns to the main program. 

In the step S112, it is judged whether an initial or a cotnplete 
explosion in the engine has been detected. If an initial or a 
complete explosion has been detected, the process goes to the step 
8113. Otherwise, the process returns to the main program. 

In the step S113, the operation mode is set to ''3". Then, 
the process goes to the step S114. 

In the step S114, it is judged whether the cylinder is now 
at bottom dead center based on the state of the crank pulses. If 
the cylinder is at bottom dead center, the process goes to the step 
S115. Otherwise, the process goes to the step S116. 

In the step S115, an engine rotational speed difference £^ 
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is calculated. Then, the process goes to the step SI 17 . The engine 
rotational speed difference Z\N is obtained by subtracting the engine 
rotational speed at the previous top dead center from the present 
engine rotational speed. 

In the step S117, it is judged whether the engine rotational 
speed difference AN calculated in the step S115 is not smaller than 
a predetermined positive threshold value ANex of engine rotational 
speed difference before exhaust stroke. If the engine rotational 
speed difference AN is not smaller than the threshold value ANex of 
engine rotational speed difference before exhaust stroke, the 
process goes to the step S118. Otherwise, the process goes to the 
step S119. 

In the step S119, it is judged whether the engine rotational 
speed difference Z\N calculated in the step S115 is not greater than 
a predetermined negative threshold value ANin of engine rotational 
speed difference after intake stroke. If the engine rotational 
speed difference Z\N is not greater than the threshold value ZiNju of 
engine rotational speed difference after intake stroke, the process 
goes to the step S118 . Otherwise, the process goes to the step S120 . 

In the step S118, stroke detection based on the engine 
rotational speed difference AN is performed as described before. 
Then, process goes to the step S121. 

In the step S121, it is judged whether the stroke detected 
in the step SI 18 coincides with a tenporary stroke set before the 
stroke was detected. If the detected stroke coincides with the 
tenporary stroke, the process goes to the step S122 . Otherwise, the 
process goes to the step S123. 

In the step S122 , a flag Fn for stroke detection based on engine 
rotational speed difference is set to ''1" . Then, the process goes 
to the step S124. 

In the step 8123, the flag for stroke detection based on 
engine rotational speed difference is set to ''2" . Then, the process 
goes to the step S124 . 

In the step S124, a coianter CNTn for stroke detection based 
on engine rotational speed difference is incremented. Then, the 
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process goes to the step S125. 

In the step 125, it is judged whether the flag Fn for stroke 
detection based on engine rotational speed difference has been set 
to ''1" and whether the counter CNTn for stroke detection based on 
engine rotational speed difference is at a value which is not smaller 
than a predetermined prescribed value CNTno- If the flag Fn for 
stroke detection based on engine rotational speed difference has 
been set to "1" and the counter CNTn ^or stroke detection based on 
engine rotational speed difference is at a value which is not smaller 
than the prescribed value CNTno/ the process goes to the step S126. 
Otherwise, the process goes to the step S116. 

In the step S126, detection of a temporary stroke based on 
an engine rotational speed difference is regarded as having been 
completed. Then, the process goes to the step S116, 

In the step S120, the flag Fn for stroke detection based on 
engine rotational speed difference is reset to ''0" . Then, the 
process goes to the step S127. 

In the step S127, the counter CNTn for stroke detection based 
on engine rotational speed difference is cleared to ''0" . Then, the 
process goes to the step S116. 

In the step S116, it is judged whether the cylinder is at bottom 
dead center based on the state of the crank pulses • If the cylinder 
is at bottom dead center, the process goes to the step S128. 
Otherwise, the process goes to the step S129. 

In the step S128, an intake air pressure difference AP is 
calculated. Then, the process goes to the step S130. The intake 
air pressure difference AP is obtained by subtracting the intake 
air pressure at the previous bottom dead center from the present 
intake air pressure. 

In the step S130, it is judged whether the intake air pressure 
difference AP calculated in the step S128 is not smaller than a 
predetermined positive threshold value APex of intake air pressure 
difference before exhaust stroke. If the intake air pressure 
difference AP is not smaller than the threshold value APex of intake 
air pressure difference before exhaust stroke, the process goes to 
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the step S131. Otherwise, the process goes to the step S132. 

In the step S132, it is judged whether the intake air pressure 
difference AP calculated in the step S128 is not greater than a 
predetermined negative threshold value APin of intake air pressure 
difference after intake stroke. If the intake air pressure 
difference AP is not greater than the threshold value APin of intake 
air pressure difference after intake stroke, the process goes to 
the step S131. Otherwise, the process goes to the step S133. 

In the step S131, stroke detection based on the intake air 
pressure difference AP is performed as described before. Then, the 
process goes to the step S134. 

In the step S134, it is judged whether the stroke detected 
in the step S131 coincides with a temporary stroke set before the 
stroke was detected. If the detected stroke coincides with the 
ternporary stroke, the process goes to the step S135 . Otherwise, the 
process goes to the step S136. 

In the step S135, a flag Fp for stroke detection based on intake 
air pressure difference is set to ^'1" . Then, the process goes to 
the step S137. 

In the step S136, the flag Fp for stroke detection based on 
intake air pressure difference is set to "2" . Then, the process goes 
to the step S137. 

In the step S137, a coxonter CNTp for stroke detection based 
on intake air pressure difference is incremented. Then, the process 
goes to the step S138. 

In the step S138, it is judged whether the flag Fp for stroke 
detection based on intake air pressure difference has been set to 
"1" and whether the counter CNTp for stroke detection based on intake 
air pressure difference is at a value which is not smaller than a 
predetermined prescribed value CNTpQ. If the flag Fp for stroke 
detection based on intake air pressure difference has been set to 
^^1" and the counter CNTp for stroke detection based on intake air 
pressure difference is at a value which is not smaller than the 
prescribed value CNTpo , the process goes to the step S13 9 . Otherwise , 
the process goes to the step S129. 
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In the step S139, detection of a temporary stroke based on 
an intake air pressure difference is regarded as having been 
completed. Then, the process goes to the step S129. 

In the step S133, the flag Fp for stroke detection based on 
intake air pressure difference is reset to ''0" . Then, the process 
goes to the step S140. 

In the step S140, the counter CNTp for stroke detection based 
on intake air pressure difference is cleared to ''0" - Then, the 
process goes to the step S129. 

In the step S129, it is judged whether the counter CNTn for 
stroke detection based on engine rotational speed difference is at 
a value which is not lower than the prescribed value CNTno or the 
counter CNTp for stroke detection based on intake air pressure 
difference is at a value which is not lower than the prescribed value 
CNTpo- If either is the case, the process goes to the step S141. 
Otherwise, the process returns to the main program. 

In the step S141, it is judged whether the flag Fn for stroke 
detection based on engine rotational speed difference has been set 
to '"1" and whether the flag Fp for stroke detection based on intake 
air pressure difference has been set to "1" . Both the flags have 
been set to "1", the process goes to the step S142. Otherwise, the 
process goes to the step S143. 

In the step S143, it is judged whether the flag Fn for stroke 
detection based on engine rotational speed difference has been set 
to ''2" and whether the flag Fp for stroke detection based on intake 
air pressure difference has been set to ''2" . Both the flags have 
been set to ''2", the process goes to the step S144. Otherwise, the 
process goes to the step S145. 

In the step S142, the temporary stroke set before the stroke 
was detected is determined as the true stroke as it is and the stroke 
detection is conpleted. Then, the process goes to the step S146. 

In the step S144, the temporary stroke is shifted by a phase 
of 360°, namely by a phase corresponding to a rotation of the 
crankshaft, and determined as the true stroke. More specifically, 
the crank pulse ''12'' is renumbered. Then, the process goes to the 
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step S146. 

In the step S145, a fail coionter CNTp is incremented. Then, 
the process goes to the step S146, 

In the step S146, it is judged whether the fail coimter CNTp 
is at a value which is not lower than a predetermined prescribed 
value CNTpo- If the fail counter CNTp is at a value which is not 
lower than the prescribed value CNTpo, the process goes to the step 
S148. Otherwise, the process goes to the step S146. 

In the step S146, the fail counter CNTp is cleared to ''0". 
Then, the process goes to the step S149. 

In the step S149, the operation mode is set to "4". Then, 
the process returns to the main program. 

In the step S148, a prescribed fail safe process is performed. 
Then, the program is ended. Examples of the fuel safe process include 
lowering the engine torque gradually by decreasing the frequency 
of ignition gradually, shifting the ignition in the cylinder to the 
lag side gradually, or closing the throttle quickly at first and 
then slowly or an indication of abnormality. 

According to the operation, at the start of the engine or the 
like, the operation mode is set to "1" when a prescribed number or 
more of crank pulses are detected within a prescribed period of time, 
and set to ''2 when the tooth missing part is detected. Then, when 
the tooth missing part is detected twice in succession and the stroke 
detection permitting part 29 detects an initial or a complete 
explosion and permits stroke detection, the operation mode is set 
to ''3". Then, as described before, it is judged whether the 
difference Z\N between the engine rotational speeds at top and bottom 
dead centers is not smaller than the threshold value Z\Nex of engine 
rotational speed difference before exhaust stroke or not greater 
than the threshold value Z\Nin of engine rotational speed difference 
after intake stroke to perfonn stroke detection based on an engine 
rotational speed difference. Simultaneously, it is judged whether 
the difference AP between intake air pressures at two bottom dead 
centers is not smaller than the threshold value APex of intake air 
pressure difference before exhaust stroke or not greater than the 
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threshold value APjn of intake air pressure difference after intake 
stroke to perform stroke detection based on an intake air pressure 
difference. Then, either of the stroke detections is repeated 
prescribed number CNTnq or CNTpo of times. Then, when the detected 
stroke coincides with the tertporary stroke, namely, when the stroke 
detection flag Fn or Fp is set to ^^1", the temporary detection is 
con?)leted. 

Moreover, the stroke detection based on an engine rotational 
speed difference AN is repeated at least a prescribed value CNTno 
of times or the stroke detection based on an intake air pressure 
difference AP is repeated at least a prescribed value CNTpo of times. 
Then, when the temporary stroke coincides with the detected stroke, 
namely the flag Fn for stroke detection based on engine rotational 
speed difference is set to ''1" as a result of the stroke detection 
based on an engine rotational speed difference Z\N and when the 
tenporary stroke coincides with the detected stroke, namely the flag 
Fp for stroke detection based on intake air pressure difference is 
set to '"1" as a result of the stroke detection based on an intake 
air pressure difference AP, the tempora3ry stroke is determined as 
the true stroke as it is . Thereby, the stroke detection is completed. 
Then, the operation mode is set to ''4" . When the temporary stroke 
differs from the; detected stroke, namely the flag Fn for stroke 
detection based on engine rotational speed difference is set to '^2" 
as a result of the stroke detection based on an engine rotational 
speed difference AN and when the tertporary stroke differs from the 
detected stroke, namely the flag Fp for stroke detection based on 
intake air pressure difference is set ''2" as a result of the stroke 
detection based on an intake air pressure difference AP, the 
temporary stroke is shifted by a phase of 360° and determined as 
the true stroke. Thereby, the stroke detection is completed. Then, 
the operation mode is set to ^M" . In shifting the phase of the stroke, 
a crank pulse is renumbered. 

The in-cylinder air mass calculating part 28 has a 
three-dimensional map as shown in FIG. 7 for use in calculating the 
air mass in the cylinder based on an intake air pressure signal and 
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an engine rotational speed calculated in the engine rotational speed 
calculating part 26. The three-dimensional map for use in 
calculating the air mass in the cylinder can be obtained only by 
measuring air mass in the cylinder while changing the intake air 
pressure with the engine rotated at a prescribed rotational speed. 
The measurement can be conducted with a relatively simple experiment , 
so that the map can be organized with ease , The map could be organized 
with an advanced engine simulation system. The air mass in the 
cylinder, which is changed with engine temperature, maybe corrected 
with the cooling water temperature (engine temperature) signal. 

The target air- fuel ratio calculating part 33 has a 
three-dimensional map as shown in FIG. 8 for use in calculating a 
target air- fuel ratio based on an intake air pressure signal and 
an engine rotational speed calculated in the engine rotational speed 
calculating part 26 . The three-dimensional map can be organized on 
paper to some extent. In general, the air- fuel ratio is correlated 
with torque . When the air- fuel ratio is low, namely, when the amount 
of fuel is large and the amount of air is small, the torque increases 
but the efficiency decreases. Whereas, when the air- fuel ratio is 
high, namely, when the amount of fuel is small and the amount of 
air is large, the torque decreases but the efficiency increases. 
The state where the air-fuel ratio is low is called ''rich" and the 
state where the air- fuel ratio is high is called '"lean" . The leanest 
state is one often referred to as "stoichiometry" , where the ideal 
air- fuel ratio at which complete combustion of gasoline takes place, 
namely, an air-fuel ratio of 14.7 is attained. 

The engine rotational speed indicates the operating condition 
of the engine. In general, the air- fuel ratio is increased when the 
engine rotational speed is high and decreased when the engine 
rotational speed is low. This is to enhance torque responsiveness 
in the low rotational speed range and to enhance rotation 
responsiveness in the high rotational speed range. The intake air 
pressure indicates the engine load such as the throttle opening. 
In general, when the engine load is large, namely, when the throttle 
opening is large and the intake air pressure is high, the air- fuel 
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ratio is decreased and when the engine load is small, namely, when 
the throttle opening is small and the intake air pressure is low, 
the air-fuel ratio is increased. This is because torque is inportant 
when the engine load is large and efficiency is important when the 
engine load is small. 

As above, the target air- fuel ratio has a physical meaning 
easy to understand and thus can be set to some extent in accordance 
with required engine output characteristics . It is needless to say 
that the air- fuel ratio may be timed in accordance with the output 
characteristics of an actual engine. 

The target air- fuel ratio calculating part 33 has a transition 
correction part 29 for detecting transitions, more specifically, 
accelerating state and decelerating state of the engine based on 
an intake air pressure signal and correcting the target air-fuel 
ratio in response thereto. For example, as shown in FIG. 9, the 
change of the intake air pressure is also a result of an operation 
of the throttle, so that an increase of the intake air pressure 
indicates that the throttle is opened to accelerate the vehicle, 
namely, the engine is accelerating. When such an accelerating state 
is detected, the target air-fuel ratio is set to the rich side 
temporarily and then returned to the original target value. As a 
method to return the air- fuel ratio to the original value, there 
may be employed any existing method, such as a method in which a 
weighing coefficient of a weighted mean of the air-fuel ratio set 
to the rich side during the transition and the original target 
air-fuel ratio is gradually changed. When a decelerating state is 
detected, the target air-fuel ratio may be set to the lean side than 
the original target air- fuel ratio to attain high efficiency. 

The fuel injection amount calculating part 34 calculates and 
sets the fuel injection amount and fuel injection timing at the start 
and during normal operation of the engine according to an operation 
shown in FIG. 10. The operation shown in FIG. 10 is performed using 
an input of a crank pulse as a trigger. Although there is provided 
no the step for communication in the flowchart, the information 
obtained through the operation is accordingly stored in the memory 
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in an overwriting manner and inf omiation and programs necessary for 
the operation are read out from the memory as needed. 

At first in this operation, stroke detection information 
output from the stroke detection permitting part 29 is read in the 
step S21. 

Then, the process goes to the step S22, in which it is judged 
whether the stroke detection by the crank timing detecting part 27 
has not been completed (the operation mode has been set to '"3") . 
When the stroke detection has not been completed, the process goes 
to the step S23. Otherwise, the process goes to the step S24. 

In the step S23, it is judged whether a fuel injection time 
coimter n is at *'0". When the fuel injection time counter n is at 
'*0", the process goes to the step S25. Otherwise, the process goes 
to the step S26. 

In the step S25, it is judged whether the next fuel injection 
is the third or later fuel injection after the start of the engine. 
When the next fuel injection is the third or later fuel injection, 
the process goes to the step S27. Otherwise the process goes to the 
step S28. 

In the step S27, the intake air pressures at predetermined 
prescribed crank angles during two rotations of the crankshaft, the 
intake air pressures at the time when the crank pulses "6" and *'18" 
shown in FIG. 2 and FIG. 5 are generated in this embodiment, are 
read out from an intake air pressure recording part (not shown) , 
and the difference between the intake air pressures is calculated. 
Then, the process goes to the step S29. 

In the step S29, it is judged whether the difference in intake 
air pressure calculated in the step S28 is not smaller than a 
prescribed value which is large enough to discriminate a stroke to 
some extent. When the difference in intake air pressure is not 
smaller than the prescribed value, the process goes to the step S30 . 
Otherwise, the process goes to the step S28. 

In the step S30, a total fuel injection amount is calculated 
based on the smaller of the two intake air pressures during two 
rotations of the crankshaft read in the step S27. Then, the process 
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goes to the step S31. 

In the step S28, the cooling water temperature, namely the 
engine temperature is read and a total fuel injection amount is 
calculated based on the cooling water tenperature . For example, as 
the cooling water temperature is lower, the fuel injection amount 
is increased. Then, the process goes to the step S31. The total 
fuel injection amount calculated in the step S28 or the step S30 
is the amount of fuel to be injected once every cycle, namely once 
every two rotations of the crankshaft, before the intake stroke. 
Thus, when a stroke has already been detected, the engine can be 
rotated properly according to the cooling water temperature, namely 
the engine temperature, by injecting an amount of fuel calculated 
based on the cooling water temperature once before each intake 
stroke . 

In the step S31, half of the total fuel injection amoimt set 
in the step S30 is set as the amount of fuel to be injected this 
time and the fuel injection timing is set at a prescribed crank angle 
during each rotation of the crankshaft, at the time when the crank 
pulse ''10" or '"22" shown in FIG. 2 and FIG. 5 falls in this embodiment. 
Then, the process goes to the step S32. 

In the step S32, the fuel injection time counter is set to 
''1". Then, the process returns to a main program. 

In the step S24, it is judged whether the previous fuel 
injection was performed immediately before an intake stroke. If the 
previous fuel injection was performed immediately before an intake 
stroke, the process goes to the step S33. Otherwise, the process 
goes to the step S26. 

In the step S26, the fuel injection amount this time is set 
to the same as the previous fuel injection amount and the fuel 
injection timing is set at a prescribed crank angle during each 
rotation of the crankshaft in the same manner as in the step S31. 
Then, the process goes to the step S34 . 

In the step S34, the fuel injection time counter is set to 
''0". Then, the process returns to the main program. 

In the step S33, the fuel injection amount and fuel injection 
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timing for normal operation are set based on a target air-fuel ratio, 
an air mass in the cylinder, and an intake air pressure. Then, the 
process goes to the step S35. More specifically, since the amount 
of fuel to be supplied into the cylinder can be obtained by dividing 
the air mass calculated in the in-cylinder air mass calculating part 
28. by the target air-fuel ratio calculated in the target air- fuel 
ratio calculating part 33 , the fuel injection period can be obtained 
by multiplying the amount of fuel to be supplied into the cylinder 
by the flow characteristic of the inj ector 13 , for example . The fuel 
injection amount and the fuel injection timing can be calculated 
from the fuel injection period. 

In the step S34, the fuel injection time counter is set to 
^'0". Then, the process returns to the main program. 

According to the operation, when the crank timing detecting 
part 27 has not completed stroke detection (the operation mode has 
been set to ''3") , half of the total fuel injection amovint, with which 
the engine can be rotated properly if it is injected before the intake 
stroke in each cycle, is injected at a prescribed crank angle once 
every rotation of the crankshaft . Thus, there is a possibility that 
only a half of the required amount of fuel is supplied in the first 
intake stroke after the start of cranking at the start of the engine 
as described later. However, it is possible to reliably produce an 
explosion to start the engine even if it may be weak when ignition 
is made at compression top dead center or in the vicinity thereof. 
When the required amount of fuel is supplied in the first intake 
stroke after the start of cranking, namely when fuel which has been 
supplied by two injections, each performed during one rotation of 
the crankshaft, can be sucked into the cylinder, it is possible to 
obtain a sufficient explosive power to start the engine reliably. 

Even when a stroke has been detected, when the previous fuel 
injection was performed not immediately before an intake stroke, 
for example, performed before an exhaust stroke, only a half of the 
required amoimt of fuel has been injected. Thus, by injecting the 
same amount of fuel as the previous injection again, the amount of 
fuel required to produce a sufficient explosive power to start the 
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engine is supplied into the cylinder during the next intake stroke. 

Moreover, when the stroke detection has not been conpleted, 
the intake air pressures at predetermined crank angles during two 
rotations of the crankshaft are read. More specifically, the intake 
air pressures at the time when the crank pulses ''6" and ''18" shown 
in FIG. 2 and FIG. 5 are generated, namely, the intake air pressures 
during an intake stroke and an expansion stroke are read. Then, the 
difference between the intake air pressures is calculated. As 
described before, unless the throttle valve is widely open, there 
is a large difference between the intake air pressures during an 
intake stroke and an expansion stroke. When the calculated intake 
air pressure difference is not smaller than a prescribed value which 
is large enough to detect a stroke, the smaller of the two intake 
air pressures can be regarded as an intake air pressure during an 
intake stroke. Then, by setting a total fuel injection amount based 
on the intake air pressure/ which reflects the throttle opening to 
some extent , it is possible to obtain an increase in engine rotational 
speed according to the throttle opening. 

V?hen the difference between the intake air pressures at 
predetermined crank angles during two rotations of the crankshaft 
is smaller than the prescribed value or when fuel is injected 
immediately after the start of the engine, a total fuel injection 
amount is set based on the cooling water temperature, namely the 
engine temperature. Thereby, it is at least possible to start the 
engine reliably against friction. 

In this embodiment, prior to the operation shown in FIG. 10, 
a starting asynchronous injection, by which a certain amount of fuel 
is injected regardless of the crank pulse, is performed when 
temporary numbers are attached to the crank pulses while the 
operation mode is '"1" . 

The ignition timing calculating part 31 calculates and sets 
the ignition timings at the start and during normal operation of 
the engine according to the operation shown in FIG. 11 . The operation 
shown in FIG. 11 is performed using an input of a crank pulse as 
a trigger. Although there is provided no the step for communication 
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in the flowchart, the information obtained through the operation 
is accordingly stored in the memory in an overwriting manner and 
information and programs necessary for the operation are read out 
from the memory as needed. 

At first in this operation, stroke detection information 
output from the stroke detection pemitting part 29 is read in the 
step S41. 

Then, the process goes to the step S42, in which it is judged 
whether the stroke detection by the crank timing detecting part 27 
has not been completed (the operation mode has been set to ''3") . 
If the stroke detection has not been completed, the process goes 
to the step S47. Otherwise, the process goes to the step S44. 

In the step S47, the ignition timing for the early stage of 
the start of the engine is set at top dead center (either compression 
top dead center or exhaust top dead center will do) during each 
rotation of the crankshaft, namely at the fall of the crank pulse 
xiQ» «^2" in FIG. 2 or FIG. 5 ± a crankshaft rotational angle of 
10® . This is because the engine rotational speed is low and unstable 
after the start of cranking and before an explosive power of the 
initial explosion is obtained at the start of the engine. Then, the 
process returns to a main program. The ignition timing is determined 
taking the electrical or mechanical responsiveness into 
consideration. Substantially, the ignition is performed 
simultaneously with the fall of the pulse "0" or "12" in FIG. 2 or 
FIG. 5. 

In the step S44, it is judged whether the average engine 
rotational speed is not lower than a prescribed value. When the 
average engine rotational speed is not lower than the prescribed 
value, the process goes to the step S48 . Otherwise, the process goes 
to the step S46. 

In the step S46, the ignition timing for the latter stage of 
the start of the engine is set at 10° in advance of compression top 
dead center in each cycle, namely at the rise of the pulse "0" in 
FIG. 12 ± a crankshaft rotational angle of 10° . This is because the 
engine rotational speed is relatively high (but still unstable) after 
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an explosive power of the initial explosion is obtained at the start 
of the engine. Then, the process returns to a inain program. The 
ignition timing is determined taking the electrical or mechanical 
responsiveness into consideration. Substantially, the ignition is 
performed simultaneously with the rise of the pulse ^^0" or ''12" in 
FIG. 2 or FIG. 5. 

In the step S48, the ignition timing is set to the norrnal 
ignition timing so that ignition can be made once every cycle . Then, 
the process returns to the main program. In general, the torque is 
highest when ignition is made slightly in advance of top dead center. 
Thus, the ignition timing is adjusted with respect to the normal 
ignition timing in response to the driver' s intention of accelerating 
which is represented by the intake air pressure. 

In this operation, at the start of cranking before completion 
of the stroke detection and an initial explosion, namely in the early 
stage of the start of the engine, the ignition timing is set at a 
point in the vicinity of top dead center during each rotation of 
the crankshaft in addition to the fuel injection during each rotation 
of the crankshaft to prevent reverse rotation of the engine and to 
start the engine reliably. Even after a stroke has been detected, 
about 10° in advance of compression top dead center, at which a 
relatively high torque can be obtained, is set as the ignition timing 
for the latter stage of the start of the engine to stabilize the 
engine rotational speed at a relatively high level until the engine 
rotational speed reaches a prescribed value or higher. 

As described above, in this embodiment, the air mass in the 
cylinder is calculated based on the intake air pressure and the 
operating condition of the engine according to a three-dimensional 
in-cylinder air mass map stored in advance and a target air-fuel 
ratio is calculated based on the intake air pressure and the operating 
condition of the engine according to a target air- fuel ratio map 
stored in advance, and then the fuel injection amount can be 
calculated by dividing the air mass in the cylinder by the target 
air- fuel ratio. Thus, the control can be easy and precise. Also, 
since the in-cylinder air mass map is easy to measure and the target 
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air-fuel ratio map is easy to organize, the maps can be organized 
with ease. Also, there is no need to provide a throttle opening 
sensor or a throttle position sensor for detecting the engine load. 

Also, since a transition, namely, an accelerating state or 
a decelerating state is detected based on the intake air pressure 
and the target air- fuel ratio is corrected based thereon, it is 
possible to shift the engine output characteristics during 
acceleration or deceleration from ones set according to the target 
air- fuel ratio map to ones required by the driver or ones close to 
the driver's feeling. 

Also, since the engine rotational speed is detected based on 
the phase of the crankshaft, it is possible to detect the engine 
rotational speed with ease. Also, it is possible to eliminate a cam 
sensor, which is expensive and large, when the stroke state is 
detected based on, for example, the phase of the crankshaft, not 
with a cam sensor. 

In this embodiment, in which no cam sensor is used, the 
detection of the phase of the crankshaft and a stroke is important , 
In this embodiment, in which a stroke is detected based on crank 
pulses and an intake air pressure, the stroke detection takes at 
least two rotations of the crankshaft. However, it is impossible 
to know during which stroke the engine is stopped, namely it is 
impossible to know from which stroke cranking is started. Thus, in 
this embodiment, between start of cranking and completion of stroke 
detection, fuel is injected at a prescribed crank angle during each 
rotation of the crankshaft and ignition is made at a point in the 
vicinity of compression top dead center during each rotation of the 
crankshaft using the crank pulses . After a stroke has been detected, 
although fuel injection which can attain a target air- fuel ratio 
in accordance with the throttle opening is performed once every cycle, 
ignition is made at about 10*^ in advance of compression top dead 
center using the crank pulses until the engine rotational speed 
becomes a prescribed value or higher so that a large torque can be 
generated . 

As described above, in this embodiment, fuel is injected at 
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a prescribed crank angle once every rotation of the crankshaft and 
ignition is made in the vicinity of cottpression top dead center once 
every rotation of the crankshaft before a stroke is detected. Thus, 
it is possible to produce an initial explosion reliably although 
it may be weak and it is possible to prevent reverse rotation of 
the engine . When ignition is made in advance of compression top dead 
center before an initial explosion is produced, the engine may rotate 
in reverse. After a stroke has been detected, fuel injection and 
ignition are performed once every cycle. The ignition is performed 
at about 10° in advance of compression top dead center to increase 
the engine rotational speed quickly. 

If fuel injection and ignition are performed once every cycle, 
namely once every two rotations of the crankshaft, before a stroke 
is detected, a reliable initial explosion cannot be produced when 
the fuel injection is performed after intake or when the ignition 
is made at a point other than compression top dead center. Namely, 
the engine may or may not be started smoothly. If fuel is injected 
once every rotation of the crankshaft after a stroke has been detected, 
fuel must continue to be injected in a motorcycle, in which the engine 
is used in a high rotational speed range, and the dynamic range of 
the injector is limited. Also, continuing ignition once every 
rotation of the crankshaft after a stroke has been detected is waste 
of energy. 

Also, stroke detection based on a difference in engine 
rotational speed and stroke detection based on a difference in intake 
air pressure are simultaneously performed, and when the results of 
the stroke detections coincide with each other, the stroke detection 
is completed. Thus, the low reliability of each detection method 
can be cottpensated, making stroke detection with high reliability 
possible . 

FIG. 13 shows the variation in crank pulses (only the numbers 
thereof are shown) , operation mode, injection pulses, intake air 
pressure and engine rotational speed with time at the time when engine 
is rotated from exhaust top dead center with a starter motor. In 
this simulation, the prescribed count-up value CNTno and CNTpo of 
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the stroke detection coimters CNTn and CNTp are both ''2" . The crank 
pulse numbers immediately after the start of rotation are mere count 
values. In this embodiment, the operation mode is set to '"1" when 
five crank pulses are detected. When the operation mode is set to 
"1", temporary nuinbers ''temp. 0, temp. 1, ..." are attached to the 
crank pulses . When the tooth missing part is detected, the operation 
mode is set to "2". After the operation mode has been set to "2", 
the crank pulse after the tooth missing part is numbered as "6" . 
As described before, the crank pulse number ''6" should be attached 
to a crank pulse indicating bottom dead center after ejq^losion. 
However, a stroke has not been detected yet here and the number is 
attached as a temporary stroke . In this embodiment , since the engine 
is started from exhaust top dead center, the number ''6" of the crank 
pulse is incotxect . When the tooth missing part is detected twice 
in succession and an initial or a complete e5q)losion is detected, 
the operation mode is set to "3", 

In this embodiment, when temporary numbers are attached to 
the crank pulses while the operation mode is "1", a certain amount 
of fuel is injected by the starting asynchronous injection as 
described before. Also, according to the operation for setting a 
fuel injection amount and fuel injection timing, when a stroke has 
not been detected (the operation mode is ''2" or "3") , half of the 
amoiant of fuel necessary to one cycle is injected at a prescribed 
crank angle once every rotation of the crankshaft , more specifically, 
at the time when the crank pulse "7" or ''19" is generated. Also, 
according to the operation for setting ignition timing, when the 
stroke detection has not been completed (the operation mode is "2" 
or "3") , ignition pulses are generated so that ignition can be made 
at a prescribed crank angle once every rotation of the crankshaft, 
more specifically, at the time when the crank pulse "0" or "12" is 
generated (more specifically, ignition is made when the ignition 
pulse falls) . Thus, fuel injected by the starting asynchronous 
injection is sucked into the combustion chamber during the intake 
stroke made by the first rotation of the crankshaft and makes an 
initial explosion by ignition at the next compression top dead center, 
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whereby the engine starts to rotate . Thereby, the engine rotational 
speed becomes equal to or higher than a prescribed rotational speed 
for permitting stroke detection, and stroke detection is permitted. 
However, the rotation of the engine is still unstable and the engine 
has not gone into a stable idling state. 

After the operation mode has been set to ''3" , stroke detection 
based on an engine rotational speed difference AN and stroke 
detection based on an intake air pressure difference AP are performed 
at each bottom dead center. However, a stroke cannot be easily 
detected since the engine rotational speed and the intake air 
pressure are still unstable. When the engine rotational speed 
difference AN becomes the threshold value ANjn of engine rotational 
speed difference after intake stroke or smaller at the third bottom 
dead center, the flag Fn for stroke detection based on engine 
rotational speed difference is set to '^2" and the coxmter C3SITn for 
stroke detection based on engine rotational speed difference is 
incremented to ''1" since the temporary stroke differs from the 
detected stroke . Then, since the engine rotational speed difference 
AN is the threshold value Z!^in of engine rotational speed difference 
before exhaust stroke or smaller again at the fourth bottom dead 
center, which means the tenporary stroke differs from the detected 
stroke, the flag Fn for stroke detection based on engine rotational 
speed difference is kept at "2", and the counter CNTn for stroke 
detection based on engine rotational speed difference is incremented 
and counted up to ''2". At the same time, the intake air pressure 
difference AP becomes the threshold value APex of intake air pressure 
difference before exhaust stroke or greater, which means the 
temporary stroke differs from the detected stroke, the flag Fp for 
stroke detection based on intake air pressure difference is set to 
"2" and the coiinter CNTp for stroke detection based on intake air 
pressure difference is incremented to ''1". As a result, the 
operation mode is set to 'M" and the numbers of the crank pulses 
are shifted by a phase of 360° . Thereby, the true stroke is detected 
and the stroke detection is conpleted. 

FIG. 14 shows the variation in crank pulses (the numbers 
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thereof) , the operation mode, injection pulses, ignition pulses, 
intake air pressure and engine rotational speed with time at the 
time when the engine starts to rotate from compression top dead center . 
Numbering, setting of the operation mode, setting of the fuel 
injection amoiint and the fuel injection timing, and setting of the 
ignition timing immediately after the start of the rotation are 
perfomed in the same manner as shown in FIG. 12. The crank pulse 
*'6" after the tooth missing part after the operation mode has been 
set to "2" indicates bottom dead center after explosion, so that 
the tetiporary stroke coincides with the true stroke. In this 
simulation, the engine starts to rotate from compression top dead 
center, so that fuel injected by the starting asynchronous injection 
and fuel injected by starting synchronous injection performed during 
the second rotation of the crankshaft are sucked into the combustion 
chamber by the intake stroke during the second rotation of the 
crankshaft and make an initial explosion by ignition at compression 
top dead center during the third rotation of the crankshaft, whereby 
the engine starts to rotate. Prior to this, since the engine 
rotational speed generated by the starter motor becomes the 
prescribed rotational speed for permitting stroke detection or 
higher, stroke detection is permitted. However, the rotation of the 
engine is still unstable and the engine has not gone into a stable 
idling state. 

Also in this simulation, after the operation mode has been 
set to "3", stroke detection based on an engine rotational speed 
difference AN and stroke detection based on an intake air pressure 
difference AP are performed at each bottom dead center. In this 
simulation, the engine rotational speed difference AN becomes the 
threshold value Z\Nex of engine rotational speed difference before 
exhaust stroke or greater at the first bottom dead center after the 
operation mode has been set to ''3" , which means the temporairy stroke 
coincides with the detected stroke. Thus, the flag Fn for stroke 
detection based on engine rotational speed difference is set to ''1" 
and the counter OsITn for stroke detection based on engine rotational 
speed difference is incremented to ''1" . Then, at the second bottom 
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dead center, the engine rotational speed difference AN is the 
threshold value Z\Nin of engine rotational speed difference after 
intake stroke or smaller, which means that the tenporary stroke 
coincides with the detected stroke. Thus, the flag Fn for stroke 
detection based on engine rotational speed difference is kept at 
^^l" and the coiinter CNTn for stroke detection based on engine 
rotational speed difference is incremented and counted up to ''2" . 
Then, since the counter CNTn for stroke detection based on engine 
rotational speed difference counts up with the flag Fn for stroke 
detection based on engine rotational speed difference at '"1", the 
temporary stroke detection is completed. 

Thereafter, since the engine rotational speed difference Z\N 
is the threshold value Aex of engine rotational speed difference 
before exhaust stroke or greater at the next bottom dead center, 
which means the temporary stroke coincides with the detected stroke, 
the flag Fn for stroke detection based on engine rotational speed 
difference is kept at "1" and the counter CNTn for stroke detection 
based on engine rotational speed difference is incremented to '"3" . 
At the next bottom dead center, the engine rotational speed 
difference AN is the threshold value Z^in of engine rotational speed 
difference after intake stroke or smaller, which means that the 
temporary stroke coincides with the detected stroke, so that the 
flag Fn for stroke detection based on engine rotational speed 
difference is kept at and the counter CNTn for stroke detection 
based on engine rotational speed difference is incremented to "4" . 
At the same time, the intake air pressure difference AP is the 
threshold value APin of intake air pressure difference after intake 
stroke or smaller at the bottom dead center, which means that the 
tenporary stroke coincides with the detected stroke, the flag Fp for 
stroke detection based on intake air pressure difference is set to 
and the counter CNTp for stroke detection based on intake air 
pressure difference is incremented to ''1" . As a result of this, the 
operation mode is set to ''4" and the numbers attached to the crank 
pulses are left unchanged as the true strokes, and the stroke 
detection is completed. 
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In the above embodiment , description has been made of an engine 
of the type in which fuel is injected into an intake pipe but the 
engine control device of the present invention is applicable to a 
direct injection engine. 

Also in the above embodiment, description has been made of 
a single-cylinder engine but the engine control device of the present 
invention is applicable to a mult i -cylinder engine having two or 
more cylinders. 

The engine control unit may be an operation circuit instead 
of the microcomputer. 

INDUSTRIAL APPLICABILITY 

As has been described above, according to the engine control 
device of the present invention, a stroke is detected based on 
variation in intake air pressure and a stroke is detected based on 
variation in engine rotational speed, and the stroke detection is 
completed when the detected strokes coincide with each other . Thus , 
there is no need to select a stroke detection method according to 
the engine operating condition. Also, since the low reliability of 
each detection method can be compensated, the reliability of the 
detected stroke is high. 
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